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Devwudfw
Lq wklv sdshu zh eulqj wr oljkw d vljqlfdqw dvshfw ri up ohyho
khwhurjhqhlw| ryhu wkh exvlqhvv f|foh1 Zh dqdo|vh wkh uhvsrqvlyhqhvv
ri up jurzwk +txrwhg XN frpsdqlhv/ ryhu wkh wkluw| |hdu shulrg wr
4<<:, wr djjuhjdwh vkrfnv/ frqglwlrqlqj rq up vl}h/ djh dqg lqgxvwu|1
Zh qg wkdw wkh hhfwv ri djjuhjdwh vkrfnv/ srvlwlyh dqg qhjdwlyh/
duh pruh surqrxqfhg iru upv lq wkh plggoh udqjh ri jurzwk1 Zh
vkrz wkdw/ wkh kljkhu prphqwv ri wkh glvwulexwlrq ri up jurzwk
udwhv duh vljqlfdqwo| frxqwhu f|folfdo/ dqg wkdw wklv iroorzv iurp wkh
idfw wkdw udslgo| jurzlqj dqg udslgo| ghfolqlqj upv duh ohvv vhqvwlyh
wr djjuhjdwh vkrfnv wkdq upv lq wkh lqwhulru ri wkh jurzwk udqjh1
Wkhvh qglqjv duh ri lpsruwdqfh lq xqghuvwdqglqj up ohyho dv zhoo
dv exvlqhvv f|foh g|qdplfv1
MHO Fodvvlfdwlrq= H65/ G54/ G<5
Nh|zrugv= exvlqhvv f|fohv/ furvv vhfwlrqdo prphqwv/ up jurzwk1
Wklv zrun zdv vxssruwhg e| wkh Ohyhukxoph Wuxvw1 Frpphqwv iurp Shwhu Kduw/ iurp
Phoy|q Zhhnv dqg rwkhu froohdjxhv dw Fdpeulgjh/ dqg iurp sduwlflsdqwv dw FDHG*34
frqihuhqfh dqg vhplqduv dw wkh Xqlyhuvlwlhv ri \run dqg Vzdqvhd duh judwhixoo| dfnqrzo0
hgjhg1 Fruuhvsrqghqfh= S1Ndwwxpdq/ Who= 7704556066858</ Id{= 770455606685<</ HPdlo=
Sdxo1NdwwxpdqChfrq1fdp1df1xn
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4 Lqwurgxfwlrq
Wkh irfxv lq exvlqhvv f|foh uhvhdufk ryhu prvw ri wkh odvw fhqwxu| kdv ehhq rq
pryhphqwv dqg fr0pryhphqwv lq djjuhjdwhv dw wkh qdwlrqdo dqg lqwhuqdwlrqdo
ohyho41 Pruh uhfhqwo|/ dlghg e| wkh dydlodelolw| ri glvdjjuhjdwhg/ orqjlwxglqdo
plfur gdwd/ lqfuhdvlqj dwwhqwlrq kdv ehhq sdlg wr wkh uroh ri plfur hfrqrplf
dgmxvwphqw ehkdylrxu +ri lqglylgxdo krxvhkrogv dqg upv, lq wkh g|qdplfv
ri wkh djjuhjdwh hfrqrp|1 Lw kdv ehhq srzhuixoo| dujxhg wkdw d surshu xq0
ghuvwdqglqj ri exvlqhvv f|fohv uhtxluhv nqrzohgjh ri wkh hyroxwlrq ri furvv
vhfwlrqdo glvwulexwlrqv ri lqglylgxdo ehkdylrxu15 Ehvlghv/ wkh lpsdfw ri dj0
juhjdwh vkrfnv rq upv lv ri gluhfw lqwhuhvw rqfh lw lv uhfrjqlvhg wkdw qrw doo
upv uhvsrqg wr djjuhjdwh vkrfnv htxdoo|16
Rxu remhfwlyh lv wr dgg wr wkh erg| ri vw|olvhg hpslulfdo idfwv rq wkh
furvv vhfwlrqdo g|qdplfv ri exvlqhvv f|fohv1 Zkdw w|sh ri upv duh prvw
vxvfhswleoh wr uhfhvvlrqv +dqg uhfryhulhv,B Duh wkh|/ iru h{dpsoh/ wkh vpdoo ru
wkh |rxqjB Wklv lv ri fhqwudo lqwhuhvw wr lqgxvwuldo hfrqrplvwv frqfhuqhg zlwk
jurzwk dqg shuirupdqfh ri upv17 D fohdu dqvzhu vkrxog khos lq irupxodwlqj
srolf| wr dvvlvw up jurzwk1 Dw wkh vdph wlph/ lw vkrxog khos lq wkh ghvljq
ri srolflhv wr uhgxfh wkh dpsolwxgh ri wkh exvlqhvv f|foh1 Wkxv rxu dqdo|vlv
lv dovr dgguhvvhg wr pdfur0hfrqrplvwv1
4Iru d uhfhqw dqdo|vlv ri 463 |hduv ri XN djjuhjdwh exvlqhvv f|fohv vhh Fkdgkd hw do
+5333,1
5D prghoolqj dssurdfk slrqhhuhg e| Fdedoohur dqg Hqjho +4<<5/ 4<<6, dqg Fdedoohur/
Hqjho dqg Kdowlzdqjhu +4<<:, doorzv iru khwhurjhqhrxv djhqwv wkdw dgmxvw coxpslo|* wr
vkrfnv1 Djjuhjdwhg/ wklv plfur ehkdylrxu jhqhudwhv ulfk/ djjuhjdwh g|qdplfv wkdw ghshqg
xsrq wkh furvv vhfwlrqdo glvwulexwlrq1 Iru d uhfhqw dssolfdwlrq ri wklv dssurdfk wr xq0
ghuvwdqglqj wkh djjuhjdwh g|qdplfv ri lqyhqwrulhv iurp d vwxg| ri up ohyho ehkdylrxu
vhh PfFduwk| dqg ]dnudmvhn +4<<;,1 Iru d uhylhz ri wkh glvfxvvlrq rq wkh lpsdfw ri wkh
furvv vhfwlrqdo glvwulexwlrq ri plfurhfrqrplf dfwlrqv rq pdfurhfrqrplf  xfwxdwlrqv/ vhh
Kdowlzdqjhu +4<<:,1
6Vhh iru h{dpsoh/ Fdedoohur/ Hqjho dqg Kdowlzdqjhu +4<<:, dqg Jhurvnl dqg Juhjj
+4<<:,1
7Wkhuh lv d olwhudwxuh lq Lqgxvwuldo Hfrqrplfv rq wkh f|folfdo qdwxuh ri up shuirupdqfh1
Forvh lq irfxv wr rxu frqfhuqv lv wkh zrun ri Jrxglh dqg Phhnv +4<<4, dqg ri Jhurvnl
dqg Juhjj +4<<:, zkr frqfhqwudwhg vxevwdqwldoo| rq ghwhuplqlqj zkdw w|shv ri upv
zhuh vxvfhswleoh wr uhfhvvlrqdu| suhvvxuhv1 Erhul +4<<8, h{dplqhg wkh f|folfdo vhqvlwlylw|
ri jurzwk ri upv lq Jhupdq|1 Uhodwhg zrun e| Dxguhwvfk +4<<7, dqg Pdwd +4<<:,
h{dplqhg wkh lpsruwdqfh ri pdfur hfrqrplf  xfwxdwlrqv rq vwduw xsv1 Wkhuh lv dovr d
ulfk yhlq ri zrun rq wkh f|folfdo qdwxuh ri surwdelolw|/ vhh Jhurvnl dqg Pdfklq +4<<6,/
Ekdvndu/ Pdfklq dqg Uhlg +4<<6,/ Pdfklq dqg Ydq0Uhhqhq +4<<6, dqg Jhurvnl/ Pdfklq
dqg Zdowhuv +4<<:,1
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Wklv sdshu eulqjv wr oljkw glvwlqfwlyh dqg vljqlfdqw sdwwhuqv lq wkh khw0
hurjhqhrxv jurzwk uhvsrqvhv ri upv wr h{whuqdo vkrfnv1 Lq wkh qh{w vhfwlrq
zh lqwurgxfh d iudphzrun wr kljkoljkw wkh lvvxh dqg rujdqlvh rxu qglqjv1
Zh frqvlghu wzr k|srwkhvhv1 Wkh uvw irfxvhv rq wkh uroh sod|hg e| ihdwxuhv
ri upv lq wkhlu jurzwk1 Lq lqgxvwuldo hfrqrplfv wkh uhodwlrqvkls ehwzhhq/ rq
wkh rqh kdqg wkh vl}h ri wkh up +dqg lwv djh dqg vhfwru,/ dqg rq wkh rwkhu lwv
jurzwk udwh/ kdv ehhq wkh irfxv ri d pxfk hpslulfdo uhvhdufk1 Fdq fkdqjhv
lq wkh jurzwk lpsdfwv +dqg glvwulexwlrqv, ri wkhvh up ohyho ihdwxuhv h{sodlq
wkh wlph vhulhv sdwwhuqv ri wkh jurzwk udwhv furvv vhfwlrqB Wkh vhfrqg k|0
srwkhvlv uhodwhv wr wkh srvvlelolw| wkdw wkh jurzwk uhvsrqvhv ri upv pd| eh
glhuhqwldwhg/ qrw vr pxfk dffruglqj wr up fkdudfwhulvwlfv/ exw dffruglqj
wr up jurzwk lwvhoi1
Lq vhfwlrq 6 zh surylgh dq lqlwldo fkdudfwhulvdwlrq ri wkh furvv vhfwlrqv
ri jurzwk udwhv ri XN txrwhg upv1 Rxu hpslulfdo dqdo|vlv lv edvhg rq d
gdwd vhw ri XN olvwhg frpsdq| dffrxqwv iurp 4<9; wr 4<<: frpsulvlqj pruh
wkdq 64/333 frpsdq| |hduv1 Zh qg wkdw wkhuh lv d fkdudfwhulvwlf exvlqhvv
f|foh sdwwhuq wr wkh g|qdplfv ri wkh furvv vhfwlrq1 Lq sduwlfxodu/ vrph kljkhu
prphqwv ri wkh furvv vhfwlrq +yduldqfh dqg vnhzqhvv, duh frxqwhu0f|folfdo
+zkloh nxuwrvlv lv sur0f|folfdo,1 Zh dqdo|vh wkhvh sdwwhuqv lq Vhfwlrq 7 e|
vhwwlqj rxw rshudwlrqdo yhuvlrqv ri wkh k|srwkhvhv vhw rxw lq vhfwlrq 5 dqg
eulqjlqj wkhp wr gdwd1 Zh frqfoxgh wkdw wkhuh lv olwwoh hylghqfh lq idyrxu ri
wkh uvw k|srwkhvlv1 Lq vhfwlrq 8 zh h{soruh wkh vhfrqg k|srwkhvlv lq pruh
ghwdlo e| lqyhvwljdwlqj wkh lpsdfw ri djjuhjdwh vkrfnv/ glhuhqwldwlqj upv
dffruglqj wr wkh shufhqwlohv ri jurzwk udwhv1 Zh qg wkdw wkh +f|folfdo, dj0
juhjdwh vkrfnv kdyh d vwurqjhu lpsdfw rq wkh fhqwudo pdvv ri wkh glvwulexwlrq
dqg d zhdnhu hhfw rq wkh wdlov1 Vhfwlrq 9 frqfoxghv1
5 Vkrfnv/ Jurzwk Uhvsrqvhv dqg Prphqwv
ri wkh Furvv Vhfwlrq= D Iudphzrun
Lq wklv vhfwlrq zh ghyhors d iudphzrun wr glvfxvv wkh lvvxhv zh duh frqfhuqhg
zlwk1 Frqvlghu d vhw ri upv surgxflqj rxwsxw dffruglqj wr vrph surgxfwlrq
ixqfwlrq1 Frqvlghu d srsxodwlrq ri upv zlwk wkh wk up surgxflqj rxwsxw
dffruglqj wr vrph vwdqgdug surgxfwlrq ixqfwlrq=
+| ’ s|E|cg|c u| +4,
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zlwk | wkh rxwsxw2vdohv/ D wkh ohyho ri whfkqlfdo h!flhqf|/ dqg N dqg
O lqsxwv ri fdslwdo dqg oderxu1 Zh dvvxph wkdw surgxfwlrq wdnhv sodfh lq
d vwrfkdvwlf hqylurqphqw/ dqg hdfk up lv vxemhfwhg wr d ydulhw| ri vkrfnv/
uhdo dqg qrplqdo= lglrv|qfudwlf/ lqgxvwu| vshflf dqg hfrqrp| zlgh1 Wkh
wrwdo vkrfn h{shulhqfhg lq shulrg w e| wkh wk up lv=
"| ’ 0| n l| n #| +5,
zlwk 0| wkh up vshflf vkrfn/ l| wkh wk lqgxvwu| vkrfn dqg #| wkh
hfrqrp| zlgh glvwxuedqfh1 Wkh revhuyhg jurzwk udwh ri dq| lqglylgxdo up
fdq eh frqfhlyhg lq whupv ri up vshflf uhvsrqvhv wr vkrfnv=8
}| ’ |0| n V|l| n b|#| +6,
Iru wkh wk up/ lq shulrg |/ b| lv lwv uhvsrqvh wr wkh jurzwk ri wkh
djjuhjdwh hfrqrp|/ V|/ lwv uhvsrqvh wr wkh jurzwk ri wkh lqgxvwu|/ dqg qdoo|/
| lwv uhvsrqvh wr vkrfnv xqltxh wr wkh up1
Rxu sulpdu| lqwhuhvw lv lq fkdudfwhulvlqj dqg h{sodlqlqj wkh f|foh uhodwhg
sdwwhuqv lq wkh wlph vhulhv ri wkh furvv vhfwlrqdo glvwulexwlrq ri jurzwk udwhv
+ghqrwh wklv e| |E},1 Zkloh lglrv|qfudwlf dqg lqgxvwu| vshflf vkrfnv duh
qrw olnho| wr kdyh f|folfdo sdwwhuqv/ djjuhjdwh vkrfnv frqvwlwxwh wkh exvlqhvv
f|foh1 Wkhuhiruh wkh reylrxv duhd wr vhhn h{sodqdwlrq iru f|foh uhodwhg sdw0
whuqv lq |E} lv wkh khwhurjhqhlw| ri uhvsrqvhv ri upv wr djjuhjdwh vkrfnv1
Wr wklv hqg/ wkh nh| srlqw iurp +6, deryh lv wkdw djjuhjdwh vkrfnv pd| kdyh
glhuhqw lpsdfwv rq glhuhqw upv/ dv fdswxuhg e| wkh b|
9
Wkhuh duh wzr reylrxv zd|v lq zklfk up vshflf uhvsrqvhv wr vkrfnv
frxog eh fkdudfwhulvhg1 Djjuhjdwh vkrfnv pd| prgli| wkh uhodwlrqvkls eh0
wzhhq wkh jurzwk ri wkh up dqg lwv fkdudfwhulvwlfv v|vwhpdwlfdoo|/ lq zd|v
wkdw ghshqg rq zkhwkhu wkh vkrfn lv srvlwlyh ru qhjdwlyh1 Iru h{dpsoh/ lw
pd| eh wkdw odujh upv jurz idvwhu wkdq vpdoo upv lq uhfryhulhv1 V|vwhp0
dwlf f|foh skdvh uhodwhg fkdqjhv vxfk dv wkhvh pd| gulyh wkh furvv vhfwlrqdo
glvwulexwlrq ri jurzwk udwhv ryhu wlph1
8Fdedoohur/ Hqjho/ Kdowlzdqjhu +4<<:, dqg Irvwhu dqg Kdowlzdqjhu +5333, vxjjhvw wkdw
dgmxvwphqw lq hpsor|phqw pd| eh gulyhq e| qrq0frqyh{lwlhv dqg luuhyhuvlelolwlhv dqg eh
hlwkhu odujh ru qlo1 Wklv ihdwxuh ri oxps| dgmxvwphqw lv qrw dv pxfk ri d ihdwxuh lq jurzwk
ri vdohv1
9Vhh dovr Dedglu dqg Wdopdlq +5333,1 lw fdq eh wkrxjkw dnlq wr wkh  ri wkh frusrudwh
qdqfh olwhudwxuh1
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Dqrwkhu srvvlelolw| lv wkdw wkh jurzwk uhvsrqvh ri dq| up wr dq djjuh0
jdwh vkrfn ghshqgv rq lwv uhodwlyh srvlwlrq lq wkh hqwluh udqjh ri up jurzwk
udwhv1 Iru h{dpsoh/ qhjdwlyh djjuhjdwh vkrfnv pd| qrw dhfw upv wkdw
kdyh uhjlvwhuhg srvlwlyh jurzwk dv vhyhuho| dv lw grhv upv wkdw juhz prghu0
dwho|1 Olnhzlvh/ upv dw wkh h{wuhph qhjdwlyh hqg ri wkh jurzwk udqjh pd|
idfh olplwv wr wkhlu ghfolqh/ dqg li wkh| vxuylyh/ dqg pd| vxvwdlq ehwwhu/ li
qrw dfwxdoo| lpsuryh/ wkhlu jurzwk shuirupdqfh ghvslwh d qhjdwlyh djjuhjdwh
vkrfn1: Lq vxppdu|/ upv dw wkh h{wuhph hqgv ri shuirupdqfh pd| uhvsrqg
ohvv wr djjuhjdwh vkrfnv/ erwk srvlwlyh dqg qhjdwlyh/ uhodwlyh wr upv lq wkh
plggoh udqjh ri jurzwk1 Wkhvh plg jurzwk upv pd| suryh wr eh wkh prvw
vxvfhswleoh wr wkh fkdqjhv lq pdfur hfrqrplf frqglwlrqv1 Wkh lpsolfdwlrqv
ri wkhvh uhvsrqvh sdwwhuqv iru wkh jurzwk udwh furvv vhfwlrq fdq eh vhw rxw lq
irupdo whupv1
Lq irupdo whupv= ghqrwh yduldeohv uhohydqw wr wkh jurzwk udwh ri wkh up
e| ~| +d nh| hohphqw ri zklfk lv up vl}h/ r|,/ dqg wkh suredelolw| glvwulexwlrq
ri jurzwk udwhv frqglwlrqdo rq ~| e| |E}m~|1; Li wkh zd| up jurzwk udwhv/
}|/ ghshqg rq up vshflf ihdwxuhv lv uhsuhvhqwhg e| s|E~|/ revhuyhg jurzwk
udwhv ri upv duh jlyhq e|.ds|E~|on| zkhuh | lv wkdw sruwlrq ri wkh jurzwk
udwh wkdq fdqqrw eh dvfulehg wr dq| v|vwhpdwlf up vshflf lq xhqfh1 E|
h{dplqlqj fkdqjhv ryhu wlph lq 	s|E~| zh fdq gudz lqihuhqfhv rq zkhwkhu/
iru h{dpsoh/ vpdoo upv jurz idvwhu uhodwlyh wr odujh/ lq uhfryhulhv dqg odujh
upv frqwudfw ohvv uhodwlyh wr vpdoo/ lq uhfhvvlrqv1 Exw lv wkh jurzwk udwh
glvwulexwlrq gulyhq e| djjuhjdwh vkrfnv fkdqjlqj wkh jurzwk uhodwlrqvklsB Li
vr/ glvwulexwlrqdo ihdwxuhv ri wkh v|vwhpdwlf jurzwk frpsrqhqw/ 	s|E~|/ zloo
grplqdwh |E}1 Li rq wkh rwkhu kdqg/ wkh lq xhqfh ri djjuhjdwh vkrfnv rq
wkh jurzwk ri upv lv lqghshqghqw ri wkhvh up ohyho ghwhuplqdqwv zh zrxog
h{shfw wkh glvwulexwlrq ri | wr grplqdwh |E}1
Lq wklv odwwhu fdvh/ rxu vhfrqg k|srwkhvlv +wkdw wkh pdjqlwxgh ri up
jurzwk uhvsrqvh wr dq djjuhjdwh vkrfn +b|, ghshqgv rq wkh uhodwlyh srvlwlrq
ri wkh up lq wkh jurzwk udqjh/ dqg lqghshqghqw ri lwv rwkhu fkdudfwhulvwlfv,
:Olnhzlvh/ zlwk dq srvlwlyh djjuhjdwh vkrfn/ upv wkdw kdyh uhjlvwhuhg h{wuhph qhjdwlyh
jurzwk pd| eduho| wxuq durxqg wr srvlwlyh jurzwk/ zkloh upv wkdw kdyh jurzq yhu|
vwurqjo| pd| qg wkhpvhoyhv ryhuvwuhwfkhg dqg olplwhg lq ixuwkhu jurzwk1
;Wklv pd| shuwdlq wr vxuylylqj upv ru pd| lqfoxgh hqwhulqj dqg h{lwlqj upv1 Lq wkh
odwwhu fdvh/ lw zrxog eh frqyhqlhqw wr ghqh wkh jurzwk udwh dv +vlwvlw4,@^+vlw.vlw4,@5`1
Wklv ghqlwlrq ri jurzwk udwh kdv wkh dgydqwdjh ri v|pphwu| lq h{sdqvlrq dqg frqwudfwlrq
dv zhoo dv lq hqwu| +jurzwk udwh ri 533( dqg h{lw/ jurzwk udwh ri 533(,1 Frqwlqxrxv
jurzwk udwhv olh lq wkh lqwhuydo ^433(>4`=
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fdq eh iudphg dv iroorzv1 Zlwk wkh upv rughuhg lq dvfhqglqj rughu ri
jurzwk udwhv/ ghqrwh wkh pdjqlwxgh ri uhvsrqvh wr djjuhjdwh vkrfn e| bE/
wkh sdudqwkhvhv durxqg wkh vxevfulsw  vljqli|lqj wkh qhz rughulqj1< Wkh
k|srwkhvlv fdq eh vwdwhg lq whupv ri krz bE ydulhv zlwk wkh rughuhg 1 Li
wkh pdvv ri upv lq wkh lqwhulru ri wkh udqjh ri jurzwk udwhv vzd| pruh
dffruglqj wr wkh jhqhudo hfrqrplf folpdwh wkdq upv dw hlwkhu h{wuhph hqg/
bE zloo kdyh dq lqyhuwhg x vkdsh zlwk uhvshfw wr / lqfuhdvlqj prqrwrqlfdoo|
xs wr vrph  lq wkh lqwhulru ri wkh jurzwk udqjh/ dqg ghfolqlqj prqrwrqlfdoo|
wkhuhdiwhu1 Vxfk d zhoo ehkdyhg dqg lqyhuwhg x0vkdshg bE ixqfwlrq lv
frqvlvwhqw zlwk frxqwhuf|folfdo vnhz lq wkh jurzwk udwh glvwulexwlrq1
Wkh k|srwkhvlv derxw wkh vkdsh ri wkh bE ixqfwlrq fdq eh uhqhg1 Li wkh
bE ixqfwlrq lv zhoo ehkdyhg lq wkh deryh vhqvh/ dqg li wkh shdn lv uhdfkhg iru
d up dw d orzhu srvlwlrq lq wkh jurzwk udwh udqjh wkdq wkh phdq jurzwk udwh/
wkh glvshuvlrq ri wkh furvv vhfwlrq ri jurzwk udwhv zloo eh frxqwhuf|folfdo1 Lq
wklv fdvh d srvlwlyh djjuhjdwh vkrfn zloo gulyh upv zlwk orzhu wkdq phdq
jurzwk udwh wrzdugv wkh phdq/ zkloh upv zlwk uhodwlyho| kljkhu jurzwk
udwhv zloo qrw uhvsrqg dv pxfk wr wkh vkrfn1 Wkh glvshuvlrq ri wkh jurzwk
udwh furvv vhfwlrq zloo ghfolqh +dqg wkh nxuwrvlv lqfuhdvh, dv wkh hfrqrp|
h{sdqgv1 Olnhzlvh lq d frqwudfwlrq/ upv zlwk orzhu wkdq phdq jurzwk
zloo ghfolqh ixuwkhu dzd| iurp wkh phdq/ zkloh upv zlwk uhodwlyho| kljkhu
jurzwk zloo qrw uhjuhvv wrzdugv wkh phdq dv pxfk1 Glvshuvlrq zloo lqfuhdvh
+dqg nxuwrvlv ghfolqh, zlwk qhjdwlyh djjuhjdwh vkrfnv1 Lq vxppdu|/ li wkh
bE lv zhoo ehkdyhg dqg shdnv ehiruh wkh phdq jurzwk udwh/ wkh glvshuvlrq ri
jurzwk udwhv zloo eh frxqwhuf|folfdo/ dqg wkh nxuwrvlv f|folfdo> li lw shdnv diwhu
wkh phdq jurzwk udwh/ glvshuvlrq zloo eh f|folfdo dqg nxuwrvlv frxqwhuf|folfdo1
6 D Iluvw Orrn dw Hylghqfh
Lq wklv vhfwlrq zh ghvfuleh wkh fhqwudo ihdwxuhv ri wkh furvv vhfwlrqv ri uhdo
dqqxdo jurzwk udwhv ri vdohv ri XN upv ehwzhhq 4<9; dqg 4<<:1 Lq Wdeoh 4
zh uhsruw wkh prphqwv ri hdfk |hduv furvv vhfwlrq xvlqj frqwlqxrxv jurzwk
udwhv dqg wkh wrwdo qxpehu ri upv lq hdfk |hdu143 Lq Iljxuh 4 zh sorw wkh
Erzpdq0Vkhqwrq whvw iru vljqlfdqw vnhzqhvv djdlqvw wkh 2E <8( fulwlfdo
<Zh dgg vwuxfwxuh lq hpslulfdo zrun e| uhvwulfwlqj wklv uhvsrqvh wr eh wlph lqyduldqw1
43pu lv wkh uwk fhqwudo prphqw/ p lv wkh phgldq/ EV
4lv wkh Erzpdq0Vkhqwrq rpqlexv
whvw iru qrupdolw|/ glvwulexwhg dv "5+5,/ dqg EV5 lv d "5+4, whvw iru vnhzqhvv1 s lv wkh
suredelolw| iru wkh rpqlexv whvw vwdwlvwlf1
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ydoxh ri 61;71 Zkdw lv qrwlfhdeoh lv wkdw shulrgv ri vljqlfdqw vnhzqhvv duh
dvvrfldwhg zlwk shulrgv ri sduwlfxodu pdfurhfrqrplf yduldwlrq ru wxuexohqfh/
vxfk dv wkh errp ri 4<:6/ wkh vkdus grzqwxuq diwhu wkh rlo sulfh vkrfn lq
4<:8/ wkh uhfhvvlrq ri 4<;30;4/ dqg 4<<4 dqg vr rq1 Wr h{soruh wklv ixuwkhu
lq Iljxuh 5 zh sorw hdfk ri wkh prphqwv uhsruwhg lq Wdeoh 4 djdlqvw wkh
udwh ri jurzwk ri djjuhjdwh XN JGS1 Wr h{foxgh rxwolhuv zh wuxqfdwh wkh
vdpsoh dqg wkh uhvxowv uhsruwhg duh edvhg rq jurzwk udwhv o|lqj ehwzhhq
	2D shufhqw441 Wkh Phdq +p dqg phgldq +p, ri wkh furvv vhfwlrqv wudfn
wkh djjuhjdwh txlwh forvho| zkloh vnhzqhvv dsshduv wr eh frxqwhu0f|folfdo dqg
nxuwrvlv sur0f|folfdo1 Iru pxfk ri wkh vdpsoh wkhuh dsshduv wr eh dq xszdug
wuhqg lq glvshuvlrq1 Uhjuhvvlrqv ri wkh prphqwv rq JGS lq Wdeoh 5 frqupv
wkh ylvxdo lpsuhvvlrq1 Wkh fhqwudo prphqwv duh zhoo dffrxqwhg iru e| fxu0
uhqw dqg odjjhg udwhv ri fkdqjh ri JGS/ zkloh glvshuvlrq dqg vnhzqhvv duh
qhjdwlyho| uhodwhg wr wkh exvlqhvv f|foh1 Lqfuhdvlqj glvshuvlrq ri up shuiru0
pdqfh gxulqj uhfhvvlrqv vxjjhvwv wkdw upv pd| eh glhuhqwldoo| dhfwhg e|
djjuhjdwh vkrfnv1
44Zh kdyh uhsolfdwhg wkh dqdo|vlv zlwk fxwr srlqwv dw	83(>	:8(>	433( dqg	483(/
dv zhoo dv fxwr srlqwv edvhg rq phdq	n-Vwg Ghy/ zlwk n wdnlqj ydoxhv ehwzhhq 4 dqg 51
Wkh sdwwhuqv lq wkh uhvxowv zh uhsruw duh urexvw dfurvv doo wkhvh h{shulphqwv1
:
Wdeoh 4= Vxppdu| vwdwlvwlfv 0 Jurzwk udwhv ri uhdo vdohv= 4<9;0<:
\hdu p p p2 p pe EV
 EV2 q
4<9; 619: 61;3 <14; 03156< 51<8 44135 431<4 4478
4<9< 5149 517; <19< 03147; 51;7 91;< 8169 47:7
4<:3 5145 5145 <1;7 031458 51<9 6168 6158 4577
4<:4 31;7 31;6 4313< 0313:9 51:; 6163 4143 446:
4<:5 5144 5167 43147 0314<7 51:7 <1<3 91;8 43;:
4<:6 ;189 <19< <1:5 0319;6 6168 ;;187 ;51<8 439:
4<:7 51<8 6195 43175 031568 5196 491<6 43177 4464
4<:8 071<4 081;9 431<4 31656 5186 5:1<: 4;15< 4384
4<:9 419; 5183 431:8 0314<8 5187 49164 91;7 43;5
4<:: 6173 61:6 4317: 0315<; 51:4 53148 49156 43<7
4<:; 41;6 515< 43137 03155< 51;5 431;7 <177 43::
4<:< 0314< 0319; <1:6 31453 51;7 61;8 519< 444;
4<;3 08187 09163 43176 3173< 51;5 641:6 63154 43;8
4<;4 08178 0914< 431;< 31734 5195 65154 5916< <;7
4<;5 03164 313; 43197 031437 518: 4314: 41<7 43;6
4<;6 5149 5178 43195 0314;3 5197 44179 81:7 4399
4<;7 8163 81;6 <1<: 031758 51<9 5<1;8 5<1:: <<4
4<;8 6178 61;5 43176 0315:3 51:9 471:; 45174 434<
4<;9 7174 71<3 4319; 031653 519: 53154 481<< <6<
4<;: 7147 7184 431<7 0315<3 5197 4;133 451;< <54
4<;; 81;8 9149 43196 031699 51:5 55187 4<197 ;:<
4<;< 8133 818; 44139 0316:6 5196 5:149 541:: <73
4<<3 414< 4135 4415: 031369 5174 48159 3155 4357
4<<4 06186 0718; 441:6 31649 516< 65136 49185 <<3
4<<5 0417< 041:: 43198 31443 5183 45159 41<: <:3
4<<6 5149 51;6 43195 031588 5194 49186 43179 <9:
4<<7 814: 81;: 43195 031837 6134 731:5 731:4 <93
4<<8 8149 8196 43175 0316<7 51;6 591;< 58197 <<5
4<<9 61;< 7158 43178 031594 51:8 461;5 44154 <;9
4<<: 6133 615< 44148 0314;6 518: 46146 8179 <:<
Qrwh= po lv wkh uwk fhqwudo prphqw/ p/ wkh phgldq/ EV
cwkh
Erzpdq0Vkhqwrq 2E2 rpqlexv whvw iru qrupdolw| dqg EV2
d 2E whvw iru vnhzqhvv @ 31
;
614 Qrq0Sdudphwulf Dqdo|vlv
Iljxuh 6 lv d wkuhh0glphqvlrqdo sorw ri wkh nhuqho ghqvlwlhv wwhg wr hdfk
furvv vhfwlrq ri frqwlqxrxv jurzwk udwhv1 Wkh ghqvlw| hvwlpdwhv zhuh jhqhu0
dwhg zlwk d jdxvvldq nhuqho dqg dq dxwrpdwlf edqgzlgwk45/ zlwk wkh ghqvlw|
hydoxdwhg dw 433 htxl0glvwdqw srlqwv lq wkh frpprq udqjh ri wkh furvv vhf0
wlrqv1 Wkh vdph nhuqhov duh sorwwhg dv d frqwrxu pds lq jxuh 71 Wkhvh qrq0
sdudphwulf hvwlpdwhv ri wkh furvv vhfwlrqdo glvwulexwlrqv vkrxog eh uhjdughg
dv odujho| lpsuhvvlrqlvwlf1 Qhyhuwkhohvv/ wkh| gr vxjjhvw vrph lqwhuhvwlqj
ihdwxuhv ri wkh hyroxwlrq ri furvv vhfwlrqdo jurzwk udwhv lq wkh 63 |hdu shulrg
iurp 4<9; wr 4<<:1 Ehfdxvh wkh dyhudjh ru phdq jurzwk udwh ri wkh X1N1
hfrqrp| kdv ehhq srvlwlyh ryhu wkh vdpsoh shulrg/ wkh pdvv ri wkh glvwul0
exwlrq doz|dv olhv wr wkh uljkw ri }hur1 Wkhuh lv frqvlghudeoh glvshuvlrq lq
shuirupdqfh zlwk pdq| upv h{shulhqflqj qhjdwlyh jurzwk hyhq zkhq wkh
hfrqrp| lv errplqj/ vxjjhvwlqj fkxuqlqj dw wkh vhfwrudo dqg up ohyho1 Wkh
fhqwudo pdvv dovr pryhv zlwk wkh djjuhjdwh jurzwk udwh ri wkh pdfurhfrqrp|1
Zkdw lv vwulnlqj lv wkdw wkhvh  xfwxdwlrqv lq wkh phdq duh dvvrfldwhg zlwk
fkdqjhv lq wkh dv|pphwu| lq wkh glvwulexwlrq1 Qrwh wkh dffxpxodwlrq ri upv
lq wkh srru jurzwk hqg gxulqj wkh uhfhvvlrqv ri 4<:8/ 4<;4 dqg 4<<41 Wkhvh
f|foh uhodwhg frqwruwlrqv ri wkh glvwulexwlrq vkrz xs fohduo| lq wkh frqwrxu
pds ri jxuh 71 Wklv slfwxuh vxjjhvwv wkdw wkhuh duh vljqlfdqw ghyldwlrqv
iurp qrupdolw| dqg wkdw wkhvh ghyldwlrqv duh dvvrfldwhg zlwk wkh djjuhjdwh
exvlqhvv f|foh1
7 V|vwhpdwlf dqg Vwrfkdvwlf Jurzwk Frpsr0
qhqwv ryhu wkh F|foh
Zh qrz wxuq wr dq rshudwlrqdo yhuvlrq ri wkh iudphzrun vhw rxw lq vhfwlrq 51
D xvhixo ehqfkpdun lv wkh vlpsohvw dssurdfk wr wkh furvv vhfwlrqdo jurzwk0
vl}h uhodwlrqvkls/ d uvw rughu Jdowrq0Pdunry prgho +zklfk jhqhudolvhv wkh
Jleudw prgho, wr doorz sdvw vl}h wr lq xhqfh fxuuhqw vl}h=
5| ’ q|5|3 n | +7,
45Wkh edqgzlgwk lv gdwd edvhg/ iroorzlqj Vloyhupdq +4<;9,1 Vhh Frvk/ Kxjkhv/ Ohh
dqg Sxgqh| +4<<;, iru dq dssolfdwlrq ri qrq0sdudphwulf dqg vhpl0sdudphwulf phwkrgv wr
dqdo|vh frusrudwh jurzwk lq wkh XN1
<
Wdeoh 5= Uhjuhvvlrq ri up jurzwk udwh furvv vhfwlrq prphqwv rq JGS
jurzwk
Phdq Phgldq VG Vnhzqhvv Nxuwrvlv
frqvwdqw 0418:86 041;9:7 7<1;:;: 313;6 419<<8
06137 06137 519: 41;9 51;<
prphqw|3 31536< 314754 319977 31549< 316;<7
414; 31;6 51<6 4155 41:
prphqw|32 031499; 0314:67 0313;6; 03158;8 03138:9
04195 0419: 03178 05169 03166
{*?E}_R| 41387 414<5: 041:6;< 0313:<; 313865
:1; :165 05175 09187 616
{*?E}_R|3 317<5< 3195<< 31895; 031363< 031335<
41<: 514< 319; 04186 03147
Dgmxvwhg U2 31;65 31;45 316;: 31::7 31758
OP+5, 61;8 6173< 61364 518<4 619<6
Phwkrg= Ohdvw Vtxduhv
Vdpsoh+dgmxvwhg,= 4<:3 4<<:
zkhuh 5| lv wkh ghyldwlrq ri wkh orj ri vl}h ri up  dw wlph | iurp wkh
phdq ri wkh orjv ri vl}hv ri upv dw wlph |/ q
|
lv wkh vl}h jurzwk frh!flhqw
dqg | lv wkh glvwxuedqfh1 Jleudw*v odz krogv li q| lv xqlw|1 D ydoxh ri q|
ohvv wkdq  zrxog vxjjhvw uhjuhvvlrq wrzdugv wkh phdq zlwk vpdoo upv/ rq
dyhudjh/ jurzlqj idvwhu wkdq odujh1 D ydoxh ri q
|
juhdwhu wkdq  zrxog vxjjhvw
wkdw odujh upv/ rq dyhudjh/ jurz idvwhu wkdq vpdoo146 Zh dxjphqw +7, zlwk
wkh rwkhu fuxfldo jurzwk ghwhuplqdqwv/ vxfk dv up djh ++|,/ dv zhoo dv dq
lqgxvwu| gxpp| +U,/
47 dqg zulwh wkh jurzwk htxdwlrq/ iru hdfk shulrg/ |/ dv
=
}| ’ 5|  5|3 ’ k| n Eq|  5|3 n |+| n B|U n | +8,
46Vhh Kduw dqg Rxowrq +5334, zkr hvwlpdwh d wlph vhulhv ri vl}h frh!flhqwv lq d frp0
suhkhqvlyh hpslulfdo h{huflvh whvwlqj Jleudw*v odz1 Wklv eudqfk ri olwhudwxuh vwduwhg lq
wkh 4<83v dqg kdv jhqhudoo| irxqg ylrodwlrqv ri wkh odz/ wkrxjk lw lv riwhq xvhg dv d uvw
dssur{lpdwlrq1 Vhh Gxqqh dqg Kxjkhv +4<<7, dqg Vxwwrq +4<<:, iru uhylhzv1
47Ilupv fkdqjh wkhlu vhfwruv yhu| uduho|/ dqg lq rxu gdwd/ qrw dw doo1 Wkxv wkh Lqgxvwu|
yduldeoh lv ghyrlg ri wlph glphqvlrq1
43
Wkh frqvwdqw fdswxuhv wkh olqhdu vkduhg hhfw ri djjuhjdwh vkrfnv/ zkloh
wkh lqgxvwu| gxpplhv fdswxuh wkh olqhdu hhfwv ri lqgxvwu| zlgh vkrfnv
vkduhg e| upv zlwklq wkh lqgxvwu|1 q
|
dqg 
|
fdswxuh wkh v|vwhpdwlf frpsr0
qhqw ri jurzwk uhvsrqvhv wr vkrfnv wkdw ghshqg rq vl}h dqg djh1 Dv xvxdo/ wkh
uhvlgxdo | vwdqgv iru wkdw frpsrqhqw ri jurzwk wkdw fdqqrw eh dffrxqwhg
iru e| revhuydeoh up ru lqgxvwu| ohyho fkdudfwhulvwlfv1 Li wkhuh lv qr vljqli0
lfdqw vhuldo fruuhodwlrq48/ dqg li | lv lqghshqghqw ri 5|3c +| dqg U/ wkhq
wkh yduldqfh ri jurzwk udwhv hyroyhv/ lq hdfk shulrg/ dffruglqj wr=
T E}| ’ Eq|  2T E5|3 n 2|T E+|
n2Eq
|
 E
|
JE5|3c +| n Vn T E"| +9,
zkhuh V lv wkh yduldqfh dqg fryduldqfh whupv lqyroylqj wkh lqgxvwu| lqgl0
fdwru yduldeohv149
Wkh wklug fhqwudo prphqw/ zklfk phdvxuhv vnhzqhvv hyroyhv dv=
.E}|  7}| ’ Eq|  .E5|3  75|3 n |.E+|  7+|
nB|
.EU  7U n.E"|  7"| +:,
Lw lv hdv| wr vhh wkdw wkh frh!flhqw ri vnhzqhvv/ +:, qrupdolvhg e| wkh
vwdqgdug ghyldwlrq wr eh glphqvlrqohvv/ hyroyhv dv=
7&E}| ’ dEq|  7&E5|3jE5|3 n |7&E+|jE+|
n7&EUjEU
 n 7&E"|jE"|
o

jE}|
+;,
Wkhvh ghfrpsrvlwlrqv/ zkhq dssolhg wr wkh vhulhv ri hvwlpdwhg furvv vhf0
wlrq prghov/ whoo xv zkdw sursruwlrqv ri jurzwk udwh prphqwv duh h{sodlqhg
e| up fkdudfwhulvwlfv +wkhlu glvwulexwlrqv dqg jurzwk lpsdfwv,1 Lq +9, dqg
+:,/ wkh whupv rq wkh ukv h{foxglqj wkh odvw rqh fdswxuh dvshfwv ri wkh v|vwhp0
dwlf phfkdqlvp wkdw zrun xsrq wkh glvshuvlrq ri jurzwk udwhv= wkh jurzwk
48Ghphdqlqj zloo kdyh wdnhq rxw dq| vhuldo fruuhodwlrq dw exvlqhvv f|foh iuhtxhqflhv1
49
 @ +w,
5Y +Ll=, . +w,+w  4,Fry+Ll=> }lw4, . +w,+w,Fry+Ll=> |lw,
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frh!flhqwv ri vl}h/ djh/ dqg lqgxvwu|/ dqg wkh yduldqfhv ri up vl}hv/ up
djhv/ dqg lqgxvwu| lqglfdwru yduldeohv dqg wkh fryduldqfhv dprqj wkhp1 Li
wkhvh whupv wrjhwkhu dffrxqw iru rqo| d vpdoo sduw ri wkh okv/ wkh wlph vhulhv
sdwwhuqv lq jurzwk prphqwv pxvw eh dffrxqwhg iru e| qrq0olqhdulw| dqg wlph
yduldwlrq lq wkh furvv0fruuhodwlrq ri uhvlgxdo frpsrqhqw ri jurzwk/ l1h1/ wkh
frpsrqhqw wkdw lv xquhodwhg wr h{0dqwh revhuyhg up fkdudfwhulvwlfv1
Zh hvwlpdwh wkh Jdowrq surfhvv lq +8, e| ROV iru vxffhvvlyh sdluv ri
|hduv xvlqj gdwd rq upv wkdw vxuylyh iurp rqh |hdu wr wkh qh{w14: Wkh
ghfrpsrvlwlrqv ri wkh kljkhu prphqwv ri wkh jurzwk udwh glvwulexwlrqv jlyhq
e| +9, dqg +;, duh uhsruwhg lq Wdeoh 6 dqg Wdeoh 71 Wkh pdlq ihdwxuh wkdw
vwdqgv rxw lv wkdw wkh frqwulexwlrq ri wkh prphqwv ri wkh uhvlgxdo frpsrqhqw
lq jurzwk/ jlyhq lq wkh qdo froxpqv lq wkh wzr wdeohv/ grplqdwh wkh jurzwk
udwh prphqwv lq doo |hduv1
Zh fdq gudz rxw vrph lpsolfdwlrqv1 Wr vwduw zlwk/ wdnh wkh xszdug guliw
ri wkh furvv vhfwlrqdo glvshuvlrq ri jurzwk udwhv1 Lw lv fohdu wkdw wkh yduldqfh
ri wkh sxuho| lglrv|qfudwlf uhvlgxdo whup dffrxqwv iru qhduo| doo wkh yduldqfh
ri jurzwk udwhv1 Lw lv wklv wkdw kdv gulyhq wkh lqfuhdvlqj lq yduldqfh ri jurzwk
udwhv1 Hpslulfdo vwxglhv ri up jurzwk kdyh hvwdeolvkhg wkdw jurzwk udwhv ri
upv fdqqrw eh suhglfwhg zhoo e| vl}h ru djh/ ru lqghhg/ rwkhu h{sodqdwru|
idfwruv1 Zkdw wklv vxjjhvwv lv wkdw wkh ghjuhh ri xqsuhglfwdelolw|/ ri yrodwlolw|
lq wkh jurzwk udwhv ri upv/ kdv lqfuhdvhg ryhu wlph1
Prylqj wr wkh frxqwhuf|folfdolw| ri wkh kljkhu prphqwv/ Wdeohv 6 dqg 7
vkrz wkdw wkh f|foh uhodwhg sdwwhuqv lq wkh prphqwv ri wkh jurzwk udwh furvv
vhfwlrqv duh gulyhq doprvw hqwluho| e| vlplodu sdwwhuqv lq wkh prphqwv ri
4:Lw lv zruwk uhsruwlqj wkdw wkhuh lv hylghqfh wkdw Jleudw*v odz lv ylrodwhg lq glhuhqw
zd|v lq wkh xs dqg grzq skdvhv ri wkh f|foh1 Wkhvh uhvxowv duh uhsruwhg lq ghwdlo lq
iruwkfrplqj zrun1 Rqh lpsruwdqw srlqw derxw vkruw uxq jurzwk lv wkdw wudqvlwru| frp0
srqhqwv pd| grplqdwh shupdqhqw frpsrqhqwv lq wkh vkruw uxq1 Wudqvlwru| frpsrqhqwv
eldv wkh ROV hvwlpdwh ri frh!flhqwv grzqzdugv= upv wkdw duh ri wudqvlwrulo| orz vl}h
zloo vkrz kljkhu jurzwk udwhv wkdq upv wkdw duh ri wudqvlwrulo| kljk vl}h1 Lw lv srvvleoh
wr wuhdw wklv dv dq huuruv lq yduldeohv sureohp/ dv Kduw dqg Rxowrq +4<<8/ 5334, kdyh/ dqg
frqwuro iru wkh wudqvlwru| lq xhqfhv e| hvwlpdwlqj d uhyhuvh uhjuhvvlrq wr jhw frpsurplvh
hvwlpdwhv ri frh!flhqwv +wkh jhrphwulf phdq ri wkh vwdqgdug frh!flhqw dqg wkh lqyhuvh ri
wkh uhyhuvh uhjuhvvlrq frh!flhqw,1 Vhh Sudlv+4<8;, dqg Pdggdod+4<<5,1 Wklv dovr dvvxphv
wkhuh lv }hur fruuhodwlrq ehwzhhq huuruv lq ghshqghqw dqg lqghshqghqw yduldeohv1 Lw pd|
eh wkdw wudqvlwru| frpsrqhqwv duh odujhu dprqj wkh vpdoo upv wkdq wkh odujh1 Zh qg
wkdw wklv frh!flhqw lv txlwh forvh wr wkh vwdqgdug Jdowrqldq frh!flhqw1 Lw lv fohdu wkdw
wkh wudqvlwru| frpsrqhqwv duh qrw uhvsrqvleoh iru wkh lqfuhdvlqj glvshuvlrq ru wkh frxqwhu
f|folfdo vnhz ri wkh jurzwk udwh glvwulexwlrq1
45
Wdeoh 6= Ghfrpsrvlwlrq ri Yduldqfh ri up jurzwk udwhv +622 lq Wdeoh 4,
Gxh wr
Vl}h Djh Fryduldqfh Lqgxvwu| Uhvlgxdo
+Vl}h/ Djh,
4<9; 41475 314<4 0313<5 41685 ;4189
4<9< 31;4; 3138; 031375 419;8 <414<
4<:3 31645 31583 031398 416:3 <71;5
4<:4 31466 31439 31365 51:5< <;179
4<:5 31336 51665 031354 :14;9 <5136
4<:6 51363 41343 03164< 61748 ;9193
4<:7 4178< 31675 031465 81;84 4331;<
4<:8 31;88 31336 31343 51<35 448153
4<:9 31;84 31733 03145; 51;55 4431;8
4<:: 31847 31657 313<8 513:7 4381;7
4<:; 31<88 41893 315<3 5136< <6137
4<:< 3133; 41657 31353 31743 <518<
4<;3 315;: 31497 31375 81<34 4331<7
4<;4 41963 41;53 0316;6 :1345 43:1:5
4<;5 31997 51574 0315<8 6157; 43:16:
4<;6 314<8 4166< 031457 51;8; 4391;5
4<;7 31594 31456 031379 031833 <;196
4<;8 31339 31:84 31349 31637 4391;3
4<;9 319:; 31897 314<3 0314;8 44517:
4<;: 31378 7147< 31457 031634 4471<:
4<;; 31496 41486 03145: 71969 43619;
4<;< 3193< 51;5: 031785 71674 448188
4<<3 31388 41<59 3143; 31564 4551:5
4<<4 3157; 41<79 31537 71988 45<136
4<<5 31555 417:3 0314:7 51<;5 4391;4
4<<6 419<6 316:; 031576 031<<: 447137
4<<7 31546 5157: 0314<< 41;54 43:184
4<<8 317<5 41784 031579 71987 435174
4<<9 31483 31<83 031436 41688 43617<
4<<: 31338 71553 031379 41447 44;1:;
Qrwh= Ydoxhv lq wkh *Lqgxvwu|* froxpq duh wkh vxp ri wkh yduldqfh
0fryduldqfh frpsrqhqwv lqyroylqj lqgxvwu|/ vl}h dqg djh1
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uhvlgxdo jurzwk frpsrqhqw1 Wkh glvwulexwlrqv dqg jurzwk lpsdfwv ri idfwruv
vxfk dv up vl}h/ djh dqg lqgxvwu| gr qrw kdyh h{sodqdwru| srzhu khuh1 Wkhvh
qglqjv gulyh krph wkh lpsruwdqfh ri xqghuvwdqglqj wkh frxqwhuf|folfdo
sdwwhuq lq uhvlgxdo jurzwk prphqwv1 Wkh| dovr vxjjhvw wkdw wkh h{sodqdwlrq
pljkw olh lq wkh krz jurzwk uhvsrqvhv ri upv wr +f|folfdo, djjuhjdwh vkrfnv
duh glhuhqwldwhg rq wkh edvlv ri jurzwk lwvhoi1 Li djjuhjdwh vkrfnv lpsdfw
uhodwlyho| pruh rq plg jurzwk upv wkdq rq upv dw hlwkhu wdlo ri wkh jurzwk
udqjh/ dv wkh hfrqrp| jurzv +ghfolqhv,/ upv lq wkh plggoh ri wkh jurzwk
udqjh pryh forvhu wr upv dw wkh wrs +erwwrp, ri wkh jurzwk udqjh1 Wkh
suredelolw| pdvv zloo vkliw xs lq d uhfryhu| dqg grzq lq d uhfhvvlrq/ ohdylqj
ehklqg d orqj wdlo dw wkh erwwrp hqg ru wkh wrs/ dqg jhqhudwlqj wkh frxqwhu
f|folfdo vnhz1 Frqfxuuhqwo|/ dqg qrw frqwudglfwlqj wklv/ jurzwk udwhv zloo eh
ohvv glvshuvhg lq d uhfryhu| dqg pruh glvshuvhg lq d uhfhvvlrq/ li srvlwlyh dqg
qhjdwlyh djjuhjdwh vkrfnv lpsdfw rq wkh orzhu ri wkh phglxp jurzwk upv
pruh wkdq rq wkh kljkhu ri wkh phglxp jurzwk upv1 Wkh uhodwlyh jdlq ri
upv jurzlqj dw wkh ohvv wkdq phdq lq uhfryhu|/ dqg wkhlu uhodwlyh orvv lq d
uhfhvvlrq frxog h{sodlq frxqwhuf|folfdo glvshuvlrq1 Zh wxuq wr dq dqdo|vlv ri
wklv frqmhfwxuh rq glhuhqwldo lpsdfwv ri djjuhjdwh vkrfnv= wkh vkdsh ri wkh
bE ixqfwlrq1
8 Uhodwlyh Jurzwk Udwhv dqg wkh F|foh
Zh qrz h{dplqh glhuhqwldov lq lpsdfw ri djjuhjdwh vkrfnv rq upv dw gli0
ihuhqw orfdwlrqv lq wkh jurzwk udwh furvv vhfwlrq1 Wkh sdqho ri upv lv xqedo0
dqfhg vr wkdw lw lv qrw srvvleoh wr rewdlq d frqwlqxrxv uhfrug iru pruh wkdq d
vpdoo qxpehu ri upv1 Zh zrun zlwk wkh wlph vhulhv ri wkh furvv vhfwlrq re0
wdlqhg iurp wkh shufhqwlohv ri wkh furvv vhfwlrq ri jurzwk udwhv1 Wklv dprxqwv
wr vhohfwlqj 433 upv vhohfwhg v|vwhpdwlfdoo| iurp wkh rughu vwdwlvwlfv ri hdfk
|hdu*v jurzwk udwh glvwulexwlrq1 Wkh vhohfwlrq ixqfwlrq iru wkh nwk shufhqwloh
lv xqolnho| wr vhwwoh rq wkh vdph up lq vxffhvvlyh |hduv1 Qhyhuwkhohvv/ wkh
wlph vhulhv ri shufhqwlohv +s&|/ iru wkh nwk shufhqwloh, fdswxuhv wkh g|qdplfv
ri uhodwlyh orfdwlrqv zlwklq wkh furvv vhfwlrq4;1
Wr h{dplqh zkhwkhu upv rxw rq wkh wdlov ri wkh jurzwk udwh glvwulexwlrq
duh ohvv vhqvlwlyh wr exvlqhvv f|foh  xfwxdwlrqv wkdq upv forvhu wr wkh fhqwuh/
4;Iru dq h{dpsoh ri wkh xvh ri wkh ghflohv wr fdswxuh wkh wlph vhulhv glphqvlrq ri furvv
vhfwlrqv vhh Kduyh| dqg Ehuqvwhlq +5333,1
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zh hvwlpdwh d vlpsoh g|qdplf prgho iru hdfk ri wkh shufhqwlohv rq JGS
jurzwk=
E k&u k2&u2R&| ’ kf& n Eb& n b2&u4| +<,
zkhuh O lv wkh odj rshudwru/ s& wkh nwk jurzwk udwh shufhqwloh dqg 4 wkh
frqwlqxrxv jurzwk udwh ri djjuhjdwh JGS1 Iljxuh 8 sorwv wkh hvwlpdwhv4< ri
b& dqg b&nb2&1 Wkh ixoo uhjuhvvlrq uhvxowv iru vhohfwhg shufhqwlohv duh vkrzq
lq Wdeoh 81 Wkh odvw froxpq uhsruwv wkh s0ydoxh iru d olnholkrrg udwlr whvw
wkdw b& nb2& ’ f1 Lw lv vwulnlqj wkdw wkh lpsdfw ri wkh djjuhjdwh hfrqrp| lv
pxfk vwurqjhu xsrq upv lq wkh lqwhulru ri wkh jurzwk udwh udqjh frpsduhg
wr wkh wdlov1 bE& lqfuhdvhv prqrwrqlfdoo| xs wr qhduo| wkh 58wk shufhqwloh
dqg ghfolqhv prqrwrqlfdoo| wkhuhdiwhu1 Wklv phdqv wkdw dq djjuhjdwh vkrfn
kdv glhuhqwldo hhfwv rq upv wkdw jurz dw glhuhqw udwhv> wkh fhqwudo pdvv
ri upv pryhv forvhu wr wkh idvw jurzlqj upv lq d errp dqg dzd| iurp gh0
folqlqj upv jhqhudwlqj qhjdwlyh vnhzqhvv1 Rq wkh rwkhu kdqg lq d grzqwxuq
wkh pdvv ri upv vkliwv wr wkh ohiw/ forvhu wr ghfolqlqj upv dqg ohdyhv wkh
jurxs ri udslgo| h{sdqglqj upv ehklqg vr wkh furvv vhfwlrqdo glvwulexwlrq
h{klelwv srvlwlyh vnhzqhvv1 Wklv lv vx!flhqw wr jhqhudwh wkh frxqwhu0f|folfdo
vnhzqhvv zh revhuyh lq wkh gdwd1
Lw lv dovr fohdu wkdw wkh shdn ri bE lv uhdfkhg dw d orzhu jurzwk udwh
lq wkh udqjh wkdq wkh phdq jurzwk udwh1 Wkh lpsolfdwlrq lv wkdw d srvlwlyh
djjuhjdwh vkrfn zloo gulyh upv zlwk orzhu wkdq phdq jurzwk udwh wrzdugv
wkh phdq/ zkloh upv zlwk uhodwlyho| kljkhu jurzwk udwhv zloo qrw uhvsrqg dv
pxfk wr wkh vkrfn1 Wkh glvshuvlrq ri wkh jurzwk udwh furvv vhfwlrq zloo ghfolqh
+dqg wkh nxuwrvlv lqfuhdvh,1 Olnhzlvh lq d frqwudfwlrq/ upv zlwk orzhu wkdq
phdq jurzwk zloo ghfolqh uhodwlyh wr wkh phdq/ zkloh upv zlwk uhodwlyho|
kljkhu jurzwk zloo qrw uhjuhvv wrzdugv wkh phdq dv pxfk1 Glvshuvlrq zloo
lqfuhdvh +dqg nxuwrvlv ghfolqh, zlwk qhjdwlyh djjuhjdwh vkrfnv1 Wkh sdwwhuq
lq 8 lv vx!flhqw wr dffrxqw iru frxqwhuf|folfdo glvshuvlrq ri jurzwk udwhv/ dqg
f|folfdo nxuwrvlv1
Lq Wdeoh 9 zh uhsruw/ iru frpsohwhqhvv/ d euhdngrzq ri up jurzwk df0
fruglqj wr wkh vl}h ri wkh up1 Iru hdfk |hdu zh kdyh wdnhq wkh shufhqwlohv
iurp wkh furvv vhfwlrqdo glvwulexwlrq ri wkh orjdulwkp ri up vl}h/ phdvxuhg
e| vdohv dqg wkhq fdofxodwhg wkh uhdo shufhqwdjh fkdqjh ri hdfk ri wkhvh orj
4<Wkhvh duh ROV hvwlpdwhv1 D Gxuedq0Kdxvpdq0Zx whvw iru wkh h{rjhqhlw| ri  fohduo|
lqglfdwhg wkdw lqvwuxphqwdo yduldeohv zhuh xqqhfhvvdu|1
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Wdeoh 7= Ghfrpsrvlwlrq ri Vnhzqhvv +6 lq Wdeoh 4,
Gxh wr
Vl}h Djh Lqgxvwu| Uhvlgxdo
4<9; 31334 31333 0313:< 03148;
4<9< 31334 31333 03136; 03143;
4<:3 31333 31333 03134: 031446
4<:4 31333 31333 03133; 03139;
4<:5 31333 31336 031368 031499
4<:6 31335 31334 031486 031849
4<:7 31334 31333 031365 031539
4<:8 31333 31333 313;6 3156;
4<:9 31333 31333 0313<9 0313<7
4<:: 31333 31333 031335 0315<<
4<:; 31333 31334 31395 0315::
4<:< 31333 31334 3139; 31377
4<;3 31333 31333 31448 315<9
4<;4 31334 31334 31373 316:3
4<;5 31333 31334 031397 031368
4<;6 31333 31333 031374 03146:
4<;7 31333 31333 031346 031763
4<;8 31333 31333 31357 0315<9
4<;9 31333 31333 3134; 031673
4<;: 31333 31333 31355 03164:
4<;; 31333 31333 031348 031664
4<;< 31333 031334 031339 031689
4<<3 31333 031334 31348 03136;
4<<4 31333 031334 313:4 315:;
4<<5 31333 031334 03135< 31499
4<<6 31334 31333 031393 0314:;
4<<7 31333 031334 03135< 031833
4<<8 31333 031334 0313:7 031686
4<<9 31333 31333 031364 03159:
4<<: 31333 031336 313:8 031594
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Wdeoh 8= Uhjuhvvlrq ri jurzwk udwh shufhqwlohv rq jgs jurzwk
Shufhqwloh kf k k2 b b2 U
2 GZ OP+5,
8 049184;; 315649 0313:6: 31;9:9 3163<: 31:7 5136 41:9
091;9 416: 03197 91;6 418:
63 0:18<3; 314896 0314:;9 41646< 31936; 31;8 41<3 31<6
0:1;7 4135 041<: <166 5169
83 041;58: 314963 0314:47 415547 31893; 31;4 41:5 5139
06143 31<< 041:3 :1<7 5144
:3 614;4: 316844 0314:99 414378 315:36 31:< 4196 817<
6197 41<8 0418; :17; 4137
<8 4313558 317838 0313:4: 31:887 3143<4 31:8 41;5 614<
7154 5169 03188 9198 318:
vl}h shufhqwlohv iru 4<9; wr 4<<:1 Wkxv zh duh qrz vhohfwlqj rxu jurzwk udwhv
dffruglqj wr wkh shufhqwlohv ri wkh orj vl}h glvwulexwlrq udwkhu wkdq wkh shu0
fhqwlohv ri wkh furvv vhfwlrq ri jurzwk udwhv1 Iru euhylw| zh rqo| wdexodwh
wkh ghflohv lq Wdeoh 9/ wkrxjk vlplodu uhvxowv hphujh iru doo wkh shufhqwlohv1
Wkhuh grhv dsshdu wr eh d fruuhodwlrq ehwzhhq wkh jurzwk udwh ri hdfk ghfloh
dqg wkh djjuhjdwh jurzwk udwh ri wkh hfrqrp| exw wkh uhodwlrqvkls grhv qrw
ydu| lq d v|vwhpdwlf zd| zlwk wkh vl}h ri wkh up1
Wkh uhvxowv lq wklv vhfwlrq frqup wkdw upv wkdw jurz dw glhuhqw udwhv
duh dhfwhg lq glhuhqw zd|v e| djjuhjdwh vkrfnv1 Ilupv wkdw duh ghfolq0
lqj dv zhoo dv wkrvh wkdw duh jurzlqj udslgo| duh ohvv dhfwhg e| djjuhjdwh
vkrfnv wkdq upv zlwk phglxp orz jurzwk udwhv1 Wkh revhuyhg f|foh uhodwhg
g|qdplfv ri wkh jurzwk udwh furvv vhfwlrqdo prphqwv lv frqvlvwhqw zlwk wklv
plfur jurzwk ehkdylrxu1
9 Frqfoxvlrqv
Lq wkh hpslulfdo h{huflvh uhsruwhg lq wklv sdshu zh h{dplqhg wkh uhodwlrqvkls
ehwzhhq wkh exvlqhvv f|foh dqg wkh furvv vhfwlrqdo glvwulexwlrq ri up jurzwk
udwhv iru wkh XN ryhu wkh shulrg 4<9; wr 4<<:1 Zh irxqg wkdw wkh glvwulexwlrq
ri dqqxdo jurzwk udwhv ydulhv lq d v|vwhpdwlf zd| zlwk wkh exvlqhvv f|foh1
Erwk glvshuvlrq dqg vnhzqhvv ri wkh jurzwk udwhv furvv vhfwlrq duh frxqwhu0
f|folfdo1 Lq wu|lqj wr h{sodlq wklv zh irxqg wkdw wkh prvw lpsruwdqw up
4:
ohyho ghwhuplqdqwv ri up jurzwk khog yluwxdoo| qr h{sodqdwru| srzhu1 Rq
wkh rwkhu kdqg/ wkh glhuhqwldwlrq ri jurzwk uhvsrqvhv wr djjuhjdwh vkrfnv
ri upv wkdw jurz dw glhuhqw udwhv dsshdu wr eh odujho| uhvsrqvleoh iru wkh
f|folfdo sdwwhuq lq wkh furvv vhfwlrq1 Zkloh djjuhjdwh vkrfnv gr dhfw doo
upv dqg dsshdu wr eh shuydvlyh/ erwk udslgo| jurzlqj dqg udslgo| ghfolqlqj
upv duh fohduo| ohvv vhqvlwlyh wr djjuhjdwh vkrfnv wkdq wkh pdvv ri upv lq
wkh lqwhulru ri wkh jurzwk udqjh1 Zkhq wkhuh lv dq hfrqrplf xswxuq/ upv
jurzlqj dw orzhu phglxp udwhv vshhg xs dqg pryh forvhu wr udslgo| jurzlqj
upv dqg dzd| iurp wkh vwudjjohuv1 Lq d grzqwxuq wkhvh upv vorz grzq
uhodwlyh wr udslgo| jurzlqj upv dqg pryh forvhu wr wkrvh lq wkh ohiw wdlo ri
wkh furvv vhfwlrqdo glvwulexwlrq1
Wr dqdo|vwv ri jurzwk ri upv lq lqgxvwuldo hfrqrplfv wkhvh qglqjv vxj0
jhvw wkh lpsruwdqfh ri ghvljqlqj srolflhv zlwk gxh frqvlghudwlrq jlyhq wr
qrqolqhdu uhvsrqvhv ri upv wr djjuhjdwh vkrfnv1 Wr pdfurhfrqrplvwv frq0
fhuqhg zlwk wkh dpsolwxgh ri exvlqhvv f|fohv/ wkh qglqj ri glhuhqwldo uh0
vsrqvlyhqhvv wr djjuhjdwh vkrfnv vxjjhvw d fohdu srolf| irfxv rq orz phglxp
jurzwk upv/ pruh wkdq phuho| wkh vpdoo ru wkh |rxqj1
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